Introduction: World Health Organization (WHO) guidelines have shifted over time to recommend earlier initiation of antiretroviral therapy (ART) and now encourage ART initiation on the day of HIV diagnosis, if possible. However, barriers to ART access may delay initiation in resource-limited settings. We characterized temporal trends and other factors influencing the interval between HIV diagnosis and ART initiation among participants enrolled in a clinic-based cohort across four African countries. Methods: The African Cohort Study enrols adults engaged in care at 12 sites in Uganda, Kenya, Tanzania and Nigeria. Participants provide a medical history, complete a physical examination and undergo laboratory assessments every six months. Participants with recorded dates of HIV diagnosis were categorized by WHO guideline era (a total of 2888 adults living with HIV enrolled with known diagnosis dates. Median time to ART initiation decreased from 22.0 months (interquartile range (IQR) 4.0 to 77.3) among participants diagnosed prior to 2006 to 0.5 months (IQR 0.2 to 1.8) among those diagnosed in 2016 and later. Comparing those same periods, CD4 nadir increased from a median of 166 cells/mm 3 (IQR: 81 to 286) to 298 cells/mm 3 (IQR: 151 to 501). In the final adjusted model, participants diagnosed in each subsequent WHO guideline era had increased rates of ART initiation compared to those diagnosed before 2006. CD4 nadir ≥500 cells/mm 3 was independently associated with a lower rate of ART initiation as compared to CD4 nadir <200 cells/mm 3 (HR: 0.32; 95% CI: 0.28 to 0.37). Age >50 years at diagnosis was independently associated with shorter time to ART initiation as compared to 18 to 29 years (HR: 1.38; 95% CI: 1.19 to 1.61). Conclusions: Consistent with changing guidelines, the interval between diagnosis and ART initiation has decreased over time. Still, many adults living with HIV initiated treatment with low CD4, highlighting the need to diagnose HIV earlier while improving access to immediate ART after diagnosis.
| INTRODUCTION
The introduction of antiretroviral therapy (ART) proved a turning point in the fight against HIV, leading to dramatic decreases in HIV-related morbidity and mortality [1, 2] . However, the first ART regimens carried large pill burdens and were poorly tolerated due to toxicities such as lipodystrophy and severe anaemia [3] . To avoid complications of therapy and reduce costs, international guidelines initially recommended delaying ART initiation until CD4 was <200 cells/mm 3 .
However, evidence of the benefit of earlier ART initiation has gradually accumulated over time. For example, studies have shown only partial restoration of CD4 when ART is initiated at a low CD4 count, whereas earlier initiation effectively prevents CD4 decline in the first place [4, 5] . Early initiation of suppressive ART also prevents onward HIV transmission to uninfected partners [6] , reduces AIDS-defining and non-AIDSdefining clinical events [7] , and decreases mortality [8] . Concurrent with this evolving knowledge of ART benefits, regimens have become more readily available, easier to take and better tolerated, with multiple single-tablet once-daily regimens now available that have few adverse effects [3, 9] . Accordingly, World Health Organization (WHO) guidelines have shifted over the years to recommend earlier initiation of ART. Prior to 2006, WHO recommended waiting to initiate ART until CD4 declined to <200 cells/mm 3 [10] . In 2006, this was adapted to also consider initiation with CD4 201 to 350 cells/mm 3 depending on clinical stage. The ART guidelines for adults were changed again in 2010 to recommend ART initiation at CD4 <350 cells/mm 3 irrespective of clinical stage, and in 2013 this threshold was increased to ≤500 cells/mm 3 [10] . Beginning in 2016, WHO recommended rapid initiation of ART at the time of HIV diagnosis regardless of CD4 count [11] . However, barriers to ART access may delay initiation in resource-limited settings such as sub-Saharan Africa. Understanding the extent to which these guidelines have impacted HIV care in real world settings is crucial to achieving an AIDS-free generation. The objective of these analyses was to characterize temporal trends and other factors influencing the interval between HIV diagnosis and ART initiation in four African countries.
| METHODS

| Study population
These analyses used data from the African Cohort Study (AFRICOS), a longitudinal cohort enrolling adults engaged in care at 12 sites in Uganda, Kenya, Tanzania and Nigeria supported by the President's Emergency Plan for AIDS Relief (PEPFAR). AFRICOS participants provided a medical history, completed a physical examination and underwent laboratory assessments every six months as described previously [12] . HIV diagnosis dates, ART start dates and CD4 nadir were obtained from medical record review. For participants with only a diagnosis or ART initiation year, 1 July was used as the month/date. The 1 st was used if only the ART initiation day was missing. All participants with a known HIV diagnosis year were eligible for these analyses.
| Analysis
All data were recorded on paper case report forms and double entered into the ClinPlus platform (DZS Software Solutions, Bound Brock, NJ). Analyses were performed in SAS 9.3 (SAS, Cary, NC) and Stata 14.0 (StataCorp, College Station, TX).
Participants were categorized by WHO guideline era (<2006, 2006 to 2009, 2010 to 2012, 2013 to 2015, ≥2016) at the time of HIV diagnosis. These eras were based on the release dates of major guideline updates. Cox proportional hazard modelling was used to estimate unadjusted and adjusted hazard ratios (HRs) for factors potentially associated with time to ART initiation, including WHO guideline era, WHO stage at diagnosis, CD4 nadir (<200, 200 to 349, 350 to 499, ≥500 cells/mm 3 ), country (Uganda, Kenya, Tanzania, and Nigeria), age at diagnosis, gender and education. Backwards selection was used to select the final adjusted model. While our models did not meet the assumptions of proportional hazards using Schoenfeld residuals, visual inspection of the plots suggested no major violations. Participants were censored at the last available study visit before loss to followup (no contact for 360 days after missed visit), death or data cut-off of 1 September 2019. To ensure the robustness of our data, two sensitivity analyses were performed. First, the model was restricted to only participants with complete dates (day, month and year) of HIV diagnosis and ART initiation. We also reran the models using calendar year of HIV diagnosis rather than WHO guideline era as a categorical independent variable. Due to small sizes, for this model we combined all years prior to 2006 (n = 237) and after 2016 (n = 167). 
| Ethical considerations
| RESULTS AND DISCUSSION
From 23 January 2013 to 1 September 2019, a total of 2930 people living with HIV (PLHIV) were enrolled in AFRICOS. Forty-two did not have a known HIV diagnosis date while 60 only had a diagnosis year and 117 had month and year. Of the 2888 participants with a known HIV diagnosis date, 767 (26.6% were aged 18 to 29 years and 1688 (58.4%) were female ( Table 1) . ART was initiated in 2747 (95.1%) participants.
| CD4
The median CD4 nadir in the study population increased from 166 (interquartile range (IQR): 81 to 286) cells/mm 3 among participants diagnosed prior to 2006 to 298 (IQR: 151 to 501) cells/mm 3 among those diagnosed ≥2016 (Figure 1a ). Of the 237 participants diagnosed prior to 2006, 141 (59.5%) had CD4 nadir <200 cells/mm 3 . In contrast, among 429 participants with a recorded CD4 nadir diagnosed since 2016, 136 (31.6%) had CD4 nadir <200 cells/mm 3 and 114 (26.5%) started ART with CD4 nadir ≥500 cells/mm 3 . Stratifying by CD4 nadir and era we found a decrease in time to ART initiation by WHO guideline era ( Figure 2b ). For each WHO guideline era, median time to ART initiation was shortest for those participants with CD4 nadir <200 cells/ mm 3 ranging from a median time of 8.2 months (IQR: 1.8 to 40.2) for those diagnosed before 2006 to 0.5 months (IQR: 0.2 to 1.2) for those diagnosed in 2016 and later. Stratifying by WHO stage and era we saw that participants at WHO stages 3 or 4 had the shortest ART initiation times across all WHO guideline eras ( Figure 2c ). Among participants with WHO stage 4, median time to ART initiation was 3.7 months for those diagnosed before 2006 (IQR: 0.1 to 96.0) and decreased to 0.6 months among those diagnosed in 2016 and later (IQR: 0.4 to 1.5). Stratifying by gender and era we found a decrease in time to ART initiation by WHO guideline era with females having a longer time to ART initiation compared to males among those diagnosed before 2006 (30.6 vs. 17.6 months). By 2016 females and males had a median time to ART initiation of 0.6 and 0.5 months respectively (Figure 2d ). When stratifying by age and era there was a decrease in time to ART initiation by WHO guideline era and for each era, participants between 18 and 29 years had the longest median time to ART initiation (Figure 2e ). Stratifying by education and era, participants with none or some primary education only had the longest median time to ART initiation across all WHO guideline eras (Figure 2f ).
| Time to ART initiation
In the unadjusted models era, CD4 nadir, WHO stage, gender, country, age at diagnosis and education were all In the adjusted model, gender and education were no longer significantly associated with time to ART initiation. Participants diagnosed after 2006 had increased rates of ART initiation compared to those diagnosed before 2006 ( Table 2 ). The rate of ART initiation remained the lowest for a CD4 nadir ≥500 cells/mm 3 after adjustment for other factors (HR: 0.32; 95% CI: 0.28 to 0.37). Age at diagnosis also was significantly associated, with the youngest participants 18 to 29 years having the lowest rates of ART initiation compared to all other age groups.
In a sensitivity analysis restricted to participants with complete HIV diagnosis dates, we found similar results with a percent change <5% for all coefficients as compared to the main analysis that also included participants with only a known diagnosis year and or month and year. Rerunning the model using calendar year at diagnosis, there was an increased HR as year increased (HR ≥ 2016 vs. <2006: 15.0; 95% CI: 11.4 to 19.7).
The interval between HIV diagnosis and ART initiation has decreased over time among PLHIV in this cohort and most are initiating ART within two weeks of diagnosis in the current era. Despite barriers such as healthcare capacity and societal norms, these data suggest that the programmatic shift to "test and treat" has been at least partially effective [13] .
While progress has been made in all four African countries evaluated in these analyses, we saw significant differences by country in median time to ART initiation within each WHO guideline era. Country-specific guidelines do not necessarily keep apace with evolving WHO guidelines and individual countries may also vary in their approach to HIV testing [14] . One prior multi-country cohort study described gender-based regional variations in ART regimen selection, changes and discontinuations and found that median CD4 count was consistently lower in West Africa as compared to East Africa [15] .
In contrast, we found that the Nigerian site had the shortest time to ART initiation, perhaps reflecting that the Nigerian sites are the only urban sites in our cohort, which may allow for easier access to care. Additionally, the quality of care and intensity of support varies from programme to programme. Among the AFRICOS clinics, Nigeria has better-funded referral facilities that are staffed by doctors as compared to Tanzania, which has a more basic facility with fewer financial resources that is staffed mostly by non-physician providers.
CD4 nadir at ART initiation increased over the study period, in line with changes in WHO guidelines advising treatment at progressively higher CD4 levels. However, even in the current era, many individuals initiated treatment with low CD4, including about one-third who initiated ART at an AIDSdefining CD4 of <200 cells/mm 3 . Similar to our findings, a review of 17 ART programmes in 12 countries in Sub-Saharan Africa found that while CD4 at ART initiation was increasing, for many participants it remained below recommended guidelines at the time [16] . These findings highlight the need to diagnose HIV earlier while improving access to immediate ART after diagnosis. In our study, most participants in the current era started ART within weeks of HIV diagnosis, so particular attention must be paid to identifying barriers and gaps in diagnosing HIV earlier in the course of infection [17] . Other studies have similarly found that diagnosing individuals with HIV before disease progression is a major challenge in the care cascade [18, 19] .
We also found that time to ART initiation differed significantly by age. While time to ART initiation decreased over time among participants 18 to 29 years it was significantly longer than the other age categories for each WHO era. Other studies have similarly found that younger age groups are slower to initiate ART, highlighting the need for better linkage to care in younger adults [20] [21] [22] . These findings also suggest that different strategies may be needed to link this key population to care.
Strengths of this study included the large sample size representing four countries in sub-Saharan Africa. Diagnosis dates and, to a lesser extent, ART start dates were sometimes extracted from medical records rather than ascertained prospectively, resulting in missing data particularly in earlier WHO guideline eras. Additionally, for participants who initiated ART after the enrolment visit we only have a month and year for ART initiation limiting the precision of our time to ART estimate which is a particular limitation in the era of test and treat. Since most participants were diagnosed and started ART prior to study enrolment we could not assess for competing risks for ART initiation, such as loss to follow-up and death. This also limited our ability to adjust for other important factors in the decision to initiate ART such as pregnancy, tuberculosis co-infection and CD4 at HIV diagnosis or enrolment in care. In our population, enrolment years differed by site with more participants enrolled in the earlier years in Uganda versus later enrolment at the Nigerian sites, perhaps in part explaining the differences in time to ART initiation between these two countries. Study participants may also differ from the general population and our results may not be generalizable to populations receiving routine care in other centres. In addition to this selection bias, generalizability of the findings may also be impacted by survival bias particularly for those diagnosed before 2006 as they likely represent a subset with better survival than the general population of PLWH. For ease of analysis and interpretation, we evaluated temporal trends using WHO guideline eras rather than country specific changes in guidelines, which often lag variably behind updates to WHO guidelines, thereby explaining some of the country level differences in time to ART [14] . However, a sensitivity analysis using calendar year as the key independent variable of interest yielded similar results.
| CONCLUSIONS
In line with changes in WHO guidelines, time to ART initiation decreased substantially across four countries in sub-Saharan Africa over the last decade. Despite progress with shortening the interval between HIV diagnosis and ART initiation, there are still participants starting ART with low CD4 counts in the current era, suggesting that improved screening and casefinding efforts are needed to diagnose HIV earlier in the course of disease. Our findings also highlight the need to target young adults with different methods to increase early diagnosis and linkage to care within this demographic. Decreasing time to ART initiation is an important public health goal not only for individual health but also for prevention of secondary transmission to partners. 
